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A variety of factors are known to affect dominance and aggression in social vertebrates. In the present study, we used a long-term
data set on greylag geese (Anser anser) to investigate the complex relationships between individual life histories, the social
environment, and dominance-related behaviors. We applied a multifactorial approach to assess the relative importance of factors
in different life-history stages. Previous studies in geese documented effects of sex and social status and achieved differing results
for the effects of family size, age, and body weight on dominance and aggression. Extrinsic factors like season or flock structure
were generally not considered. Our analyses showed that a considerable number of factors related to individual life histories,
season, and the social environment affected dominance and aggression in greylag geese, but not all significant effects were
necessarily strong effects. Pronounced effects on aggression rates were caused by the flock’s sex ratio, parental effects, individual
social status, and sex. Whether individuals interacted with the same opponents repeatedly was influenced most by parental effects
and the sex ratio, whereas the strongest determinants of dominance rank were parental effects and social status. Hence,
dominance behaviors may not only be influenced by intrinsic factors but also by season and an individual’s social environment.
Furthermore, our study indicates that optimal choices for achieving or maintaining a high dominance rank may vary considerably
between life-history stages. This highlights the value of long-term studies and multifactorial approaches for understanding the
complexities of dominance relationships in social vertebrates. Key words: agonistic interactions, dominance hierarchy, effect size,
flock structure, parental effects, social status. [Behav Ecol 22:616–624 (2011)]
INTRODUCTION
Dominance and aggression play an important role in manyanimal societies. Dominance and related behaviors may
enhance access to limited resources (e.g., Ficken et al. 1990;
Prop and Deerenberg 1991; Stahl et al. 2001), thereby en-
hancing survival (e.g., Kikkawa 1980; Arcese and Smith
1985; Stahl et al. 2001) and reproductive success (e.g., Dunbar
1980; Kikkawa and Wilson 1983; Black and Owen 1987; Pusey
et al. 1997). However, high levels of aggression and achieving
or maintaining a high dominance rank may also be energet-
ically costly, may increase risk of injury, or may be stressful for
an individual involved in numerous agonistic interactions
(hereafter social stress, e.g., Hogstad 1987; Kotrschal et al.
1998; Sapolsky 2005). Hence, individuals need to optimize
their behavioral investment according to their own condition
as well as to their environment.
The suite of factors known to affect dominance and aggres-
sion in social vertebrates varies considerably between species,
ranging from mainly size-determined dominance rank in
fish (e.g., Buston 2003) to maternally transmitted rank in
many primates and hyenas (‘‘maternal rank inheritance,’’ e.g.,
Dunbar 1980; Horrocks and Hunte 1983; Engh et al. 2000). In
birds, dominance and aggression are known to be affected by
a variety of different factors, including sex (e.g., Brown 1963;
Arcese and Smith 1985; Kikkawa et al. 1986; Kotrschal et al.
1993), age (e.g., Arcese and Smith 1985; Estevez et al. 2003),
and genetic predisposition (Craig et al. 1965; Boag 1982). In
addition to these intrinsic factors, some studies also showed
influences of environmental factors such as season (Tarvin
and Woolfenden 1997), habitat (Gregoire and Ankney 1990),
and food availability (Kotrschal et al. 1993) as well as influen-
ces of the social environment, for example, sex composition
of the sibling group (Boag and Alway 1980, but see Arcese and
Smith 1985) and group size (Estevez et al. 2003). Influential
factors may predict which individuals will achieve and ulti-
mately benefit from a high dominance rank (Richner 1989)
and may thereby enhance our understanding of the func-
tional roles of dominance and aggression. However, although
a multitude of influential factors have been identified, inter-
dependencies between factors as well as their relative impor-
tance remain little understood. A thorough assessment of
such problems may require individual-based long-term studies
spanning the full life histories of a large number of individu-
als, which provide reliable estimates and thereby offer unique
insights into the causes and complexities of animal behavior
and ecology (Clutton-Brock and Sheldon 2010).
Here, we present data from a longitudinal study on greylag
geese (Anser anser). Geese are highly social birds (Kotrschal
et al. 2010) that form large flocks for most of the year and
form long-term monogamous pair bonds. In most species,
including greylag geese, young stay with their parents
throughout an entire year (primary families) and sometimes
rejoin their parents for a second year (secondary families).
Mixed species flocks may occur, whereby interspecific
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encounters seem to be determined mostly by the species’
body size, maintenance of family bonds, and the number of
individuals per species present (Madsen 1985; Kristiansen and
Jarrett 2002; Jo´nsson and Afton 2008). For intraspecific inter-
actions, it is well documented that males are more aggressive
and more dominant than females (e.g., Boyd 1953; Black and
Owen 1987; Poisbleau et al. 2006) and that families dominate
pairs in aggressive encounters, whereas pairs tend to win
against single individuals (e.g., Boyd 1953; Raveling 1970;
Lamprecht 1986; Gregoire and Ankney 1990; Kotrschal
et al. 1993; Poisbleau et al. 2006). Agonistic interactions
within pairs or families are extremely rare (Boyd 1953; Scheib-
er et al. 2009a), and members of a social unit actively and
passively support each other in conflicts with other flock
members (Weiß and Kotrschal 2004; Scheiber et al. 2005,
2009a, 2009b). Several studies further showed that family size
affected rates of aggression as well as dominance rank (white-
fronted geese, A. albifrons, Boyd 1953; snow geese,
A. caerulescens, Gregoire and Ankney 1990; barnacle geese,
Branta leucopsis, Loonen et al. 1999), but such effects were
absent in other studies (bar-headed geese, A. indicus, Lamp-
recht 1986; brent geese, B. bernicla, Poisbleau et al. 2006; snow
geese, Mulder et al. 1995). Differing results were also obtained
about the effects of individual body size and age (e.g., barna-
cle geese: Black and Owen 1989; Stahl et al. 2001, bar-headed
geese: Lamprecht 1986, brent geese: Poisbleau et al. 2006).
Cross-fostering experiments in barnacle geese suggested that
parental effects also contribute to rank acquisition in juveniles
through both learning and heredity (Black and Owen 1987),
and levels of aggression varied depending on habitat (snow
geese: Gregoire and Ankney 1990) and food availability (grey-
lag geese: Kotrschal et al. 1993, snow geese: Mulder et al. 1995).
Although the effects of sex and social status (single,
paired, or family) in particular have been assessed thor-
oughly in geese, extrinsic factors like the social environment
remain little understood. However, agonistic interactions de-
pend not only on an individual’s own behavior but also on
that of its conspecifics, and consequently, the social environ-
ment may be expected to play a major role in dominance
and aggression. In addition, only a few studies have attemp-
ted to assess the relative importance of several influential
factors (Lamprecht 1986; Black and Owen 1989). Further-
more, due to the migratory behavior of many goose popula-
tions, studies were often limited to certain seasons and life-
history stages, but as individual needs change throughout
the year and life history, optimal behavior and influences
thereupon are also likely to change throughout life. Over
15 years of observations on the dominance structure of
a flock of greylag geese provide the framework for a longitu-
dinal and multifactorial approach, where we used repeated
measures over the individuals’ lifetime to investigate paren-
tal effects and effects of individual life histories, seasonal
variation, and flock characteristics. In particular, we aimed
to perform a comprehensive analysis of dominance in grey-
lag geese by 1) assessing which intrinsic and extrinsic factors
influence dominance rank and related behaviors, 2) deter-
mining the relative importance of influential factors, and
3) comparing effects across the main life-history stages,
thereby taking into consideration factors particular to the
respective life-history stages, such as family structure or
pair-bond characteristics.
MATERIALS AND METHODS
Animals
A flock of greylag geese was introduced into the valley of the
river Alm, Austria, by Konrad Lorenz and coworkers in 1973
(Lorenz 1988). Like numerous other flocks of greylag geese,
the flock is nonmigratory, and due to the secluded location of
the valley, mixing with other greylag geese is nearly absent.
The geese are unrestrained and roam the valley between the
Konrad Lorenz Research Station and a lake 10 km to the south,
where they roost at night. All birds are individually marked with
colored leg bands after capture by hand or in a walk-in trap
(;3 3 2 3 2 m) baited with grains and food pellets. Individual
life histories have been closely monitored since the establish-
ment of the flock. Over the years, flock size varied between 110
and 180 individuals. As in other populations, natural preda-
tion, mainly by red foxes (Vulpes vulpes), is common and may
account the loss of up to 10% of the adult flock per year
(Hemetsberger 2001). The flock is well habituated to the pres-
ence of humans and is supplemented with food pellets and
grains twice a day. Food is distributed by research station staff
on the meadows around the research station in low quantities
from spring to fall and in sustaining amounts during winter.
About 25% of the individuals were hand raised by human foster
parents, employing a well-established hand-raising tradition.
Goslings thereby are accompanied by their foster parents for
24 h per day from hatching to fledging and follow the spatio-
temporal patterns of the goose families (Hemetsberger et al.
2010). Hand-raised individuals maintain a life-long confidence
toward familiar humans but typically treat unfamiliar humans
with the same cautiousness as the goose-raised birds. They
are indistinguishable from their goose-raised conspecifics in
most life-history aspects, for example, breeding parameters,
reproductive success, age of first pair bond, or pair-bond dura-
tion (Hemetsberger et al. 2010).
Data collection
Data on the dominance structure of the flock were collected
during 41 observation periods of 5 days each between winter
1995 and summer 2009. Each year, data were collected during
late summer, following reestablishment of the flock after molt
(beginning of August to beginning of October), during mid-
winter when the flock was stable (mid-December to beginning
of January), and during the mating season in February. Be-
cause of continuous harsh weather conditions in winter 2000,
the flock frequently remained at the lake used as their night
roost. There, geese were typically spread out over the expanse
of water, and reliable individual identification was not possi-
ble; hence, no data were collected in winter 2000. From the
onset of the breeding season in March to the end of wing molt
in July, the flock disintegrates and spreads out over the entire
valley, and so, no data were collected in those months. The
study thus covers behavior outside the breeding season.
In each 5-day observation period, agonistic interactions were
observed by scan sampling the flock prior to and during feedings,
when most or all flock members were assembled around the
feeding area. Hence, during these times, flock members of all
ages and status classes had the opportunity to interact with each
other, whereas at other times of the day, the geese were spread
out over the valley, and observations of agonistic interactions
might have been biased by the composition (sex, age, social
status, and individual identity) of the observed subgroup. An
agonistic interaction was defined as an encounter between 2
geese in which one of them evoked withdrawal from the other
(e.g., Kristiansen and Jarrett 2002; Jo´nsson and Afton 2008). For
all observed agonistic interactions, the identities of the winner
and loser were determined, whereby the withdrawing goose was
considered the loser of the interaction and the goose that evoked
the withdrawal was considered the winner. Comparable with
other studies (e.g., Appleby 1983; Gregoire and Ankney 1990;
Coˆte´ 2000), the winner was the initiator of the interaction in the
vast majority of interactions (.99%, Weiß, BM, unpublished
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observations). We thus did not distinguish further between ini-
tiated and won interactions. Data collection was terminated
when more than one third of the flock had left the feeding area,
which was typically 10–30 min after feeding, depending on the
season. In addition to agonistic interactions, time at onset and
duration of the observation, weather conditions and presence or
absence of each flock member were recorded for each observa-
tion session. The life-history parameters of each individual (age,
current social status, and pair-bond duration) and flock structure
were recorded at the end of the 5-day observation period. A
complete list of parameters is provided in Supplementary Mate-
rial, Supplementary Table S1. All data were collected by B.M.W.
with the exception of summer 2000, when data were collected by
another experienced observer following the above protocol.
Data analysis
A median of 1554 (range: 747–2150) agonistic interactions
were recorded per observation period, equaling a median of
21 (range: 1–189) interactions per individual per observation
period. For each observation period, we calculated individual
aggression rates as the number of won agonistic interactions
per hour. To distinguish between geese that were aggressive
against other flock members in general and geese that repeat-
edly attacked only few opponents, we calculated an index of
specificity as the number of individuals a bird interacted with
out of the total number of that bird’s interactions. Hence,
a value of 1 would indicate low specificity, that is, that an
individual had different opponents in all its interactions,
whereas a value close to 0 would be assigned to an individual
that only interacted with one particular opponent and thus
showed high specificity. Finally, dominance rank was calcu-
lated as the number of individuals defeated out of the total
number of individuals interacted with. For this measure, we
only considered individuals that had been observed in an
agonistic interaction at least 5 times.
We conducted generalized linear mixed models (GLMMs)
using the GenStat 12.1 statistical package, applying the re-
stricted maximum likelihood procedure for repeated sam-
pling with an unbalanced design. GLMMs were constructed
with aggression rate, specificity, or dominance rank as the re-
sponse variable and individual identity as random term to
account for repeated measurements (1–41 observations per
individual, mean 6 standard error: 13.7 6 11.5). For each
response variable, we calculated a main model comprising
the whole data set (n ¼ 6108 observations from a total of
445 different individuals), with a poisson error distribution
for aggression rate and a binomial error distribution for spec-
ificity and dominance rank. Model fit was assessed by inspect-
ing whether the residuals from the final model showed a near-
random distribution and by evaluating the dispersion param-
eter. The set of fixed terms included parental effects, life-
history effects, seasonal effects, flock structure (see Supple-
mentary Material, Supplementary Table S1 for a full list and
description of fixed terms) and some first order interactions
(see results Figure 1). To facilitate interpretation of interac-
tions and to be able to investigate effects applicable only to
certain life-history stages, we constructed further GLMMs for
5 major life-history stages: juveniles (,1 year old), subadults
(1 to ,2 years old), single adults, paired adults, and parental
birds, whereby all adults were 2 years of age or older (see
Supplementary Material, Supplementary Table S2 for num-
bers of observations and individuals). Stage-specific GLMMs
were constructed in a similar manner as the main models,
whereby the set of fixed terms was adjusted to each life-history
stage and included stage-specific terms such as pair-bond
or family characteristics (see Supplementary Material, Sup-
plementary Table S1). In the ‘‘RESULTS’’ section, we report
results of the main model and major deviances from and
additions to the main model for the different life-history
stages. Details of the models for the various life-history stages
are described in the Supplementary Material.
We sequentially deleted fixed terms in order of decreasing
significance, starting with any interaction terms in the model
(Galwey 2006; Garamszegi et al. 2009). Only terms with P , 0.1
(main term) or P , 0.05 (interaction term) remained in the
final model. Main terms with 0.05 , P , 0.1 were kept in the
model to account for tendencies; however, only terms with P ,
0.05 were considered as significant effects. To account for non-
linear effects of age, we also modeled the quadratic effects of age
(age2). Therefore, whenever ‘‘age2’’ remained in the model, the
linear term ‘‘age’’ was kept in the model even if it was not signif-
icant. Excluded terms were reentered one by one into the final
model to confirm that these terms did not explain a significant
part of the variation (Galwey 2006; Poesel et al. 2006). To obtain
P values for main terms involved in an interaction, we calculated
the same model without the interaction term but took all other
statistical information from the interaction model. To evaluate
the relative importance of terms in the final model, we compared
their effect sizes (Garamszegi et al. 2009), whereby the effect
size of a factor was considered to be the range of effect sizes
(minimum to maximum) across the factor levels.
RESULTS
Aggression rate
Main model
The number of attacks per hour was significantly influenced by
parental effects, life history (except for the raising history), sea-
son, and flock structure (Table 1), whereby the strength of the
effects varied considerably (Figure 1). In particular, identity of
the parents had a very strong effect on individual aggression.
Effects of sex and social status were also pronounced: In line
with previous studies, males were more aggressive than fe-
males, and families were more aggressive than pairs, which
were more aggressive than single individuals (Figure 2). Other
life-history parameters (e.g., age) had significant but very
small effects on aggression rates.
Aggression rates were highest during the mating season and
lowest during winter, but generally, the season only had a mod-
erate effect. Notably, the sex ratio in the flock had a very large
effect: Individuals were more aggressive, the more males the
flock contained. In addition to these main effects, we found
complex interactions between sex, status, and other main ef-
fects (Figure 1 and see life-history stages).
Life-history stages
Deviations from the general pattern as well as more specific
effects were found in the analysis of the different life-history
stages. This particularly concerned parental effects, which
were large in the main model but were absent in adult singles
and parental birds. Life-history effects were generally similar
across models, with the exception of the raising history. Un-
like in the main model, raising significantly influenced aggres-
sion rates of juveniles and subadults. Interestingly, goose-
raised juveniles were more aggressive than hand-raised ones,
whereas this effect was reversed in subadults. Seasonal effects
were of moderate size in all models, but life-history stages
differed in who was most aggressive at what time of year.
The main difference between models concerning flock struc-
ture was an absence of sex ratio effects in subadults. In addi-
tion, 2 parameters specific to particular life-history stages had
pronounced effects on aggression rates. In paired adults, pair-
bond type affected aggression: Heterosexual pairs were most
aggressive and homosexually paired males least aggressive.
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Furthermore, family type affected aggression in parental
birds: Parents of primary families were more aggressive than
those of secondary families (see Supplementary Material, Sup-
plementary Table S2 and Figures S1a–S5a).
Specificity
Main model
The specificity of agonistic interactions was influenced by all
investigated parameters except the raising history and the
number of families in the flock (Table 1). Again, effect sizes
varied considerably between the parameters (Figure 3), with
parents having the largest effect on specificity. Males were also
more specific in their interactions than females, and socially
unstable individuals (e.g., courting or challenged individuals)
were the most specific social class, but in general, life-history
effects were not pronounced. Similarly, season only had a mod-
erate effect, whereby specificity was highest during the mating
season and lowest in winter. The only flock characteristic with
a pronounced effect was the sex ratio of the flock: Specificity
was higher at times with a more male-biased sex ratio. Further-
more, effects of sex, status, age, and season significantly inter-
acted with each other (Figure 3 and see life-history stages).
Life-history stages
Parental effects were large in the main model, yet parental
effects did not significantly influence specificity in all life-his-
tory stages. Although parents significantly affected specificity
in juveniles and paired adults, this pattern was absent in sub-
adults, adult singles, and parental birds. Life-history effects
were generally similar between the main model and the life-
history stages; however, sex differences were absent in juve-
niles and status differences were absent in subadults. Seasonal
effects showed no major differences between the models.
Finally, as in the main model, sex ratio had a large effect in
most life-history stages but did not significantly influence ju-
venile specificity. Pair-bond type and family type had moder-
ate effects on the specificity of paired adults and parental
birds, respectively, but none of the other stage-specific terms
had noteworthy effects on specificity (see Supplementary
Material, Supplementary Table S2 and Figures S1b–S5b).
Dominance rank
Main model
In general, dominance rank was influenced by all intrinsic
parameters, by season and by the number of families in the
flock but not by flock size or sex ratio (Table 1). However,
effect sizes of significant terms varied considerably, with the
largest effect being due to the identity of the parents (Fig-
ure 4). Males were more dominant than females, and families
Table 1
Fixed effects of parents, life-history traits, season, and flock structure on aggression rate, specificity, and dominance rank in greylag geese
(N 5 6108 observations in 445 individuals)
Fixed effects df
Aggression rate Specificity Dominance rank
Effect SE Wald P Effect SE Wald P Effect SE Wald P
Parents 75 3.139 0.544 133.8 ,0.001 8.081 0.965 102.2 0.039 3.42 0.607 131.8 ,0.001
Sex 1 21.235 0.112 358.6 <0.001 0.451 0.071 96.0 <0.001 20.739 0.115 260.9 <0.001
Raising 1 0.519 0.256 3.57 0.06 0.926 0.292 8.72 0.003
Social status 5 1.455 0.152 1565.9 <0.001 0.525 0.123 214.7 <0.001 2.228 0.154 2721.0 <0.001
Age 1 0.167 0.01 267.2 ,0.001 20.071 0.009 61.9 ,0.001 0.136 0.011 169.0 ,0.001
Age2 1 20.01 0.001 387.5 <0.001 0.005 0.001 150.2 <0.001 20.009 0.001 327.1 <0.001
Season 2 0.226 0.084 70.45 <0.001 0.424 0.057 190.63 <0.001 0.288 0.071 12.35 0.002
Flock size 1 20.004 0.001 36.77 ,0.001 0.001 0.001 4.31 0.038
Sex ratio 1 23.177 0.473 45.11 ,0.001 2.359 0.42 31.58 ,0.001
n families 1 20.024 0.003 51.17 ,0.001 20.042 0.004 129.33 ,0.001
Sex 3 raising 1 20.278 0.129 4.62 0.032
Sex 3 social status 5 20.55 0.173 23.66 ,0.001 0.479 0.125 26.64 ,0.001 0.696 0.149 33.98 ,0.001
Sex 3 age2 1 20.004 0.001 28.12 ,0.001 20.004 0.001 31.31 ,0.001
Sex 3 season 2 0.872 0.059 234.8 ,0.001 20.378 0.053 60.5 ,0.001 0.461 0.058 64.6 ,0.001
Social status 3 raising 4 0.587 0.136 9.74 0.045 0.64 0.133 33.38 ,0.001
Social status 3 age2 5 0.937 0.11 162.9 ,0.001 20.037 0.139 74.4 ,0.001 0.976 0.202 118.3 ,0.001
Social status 3 season 10 0.847 0.167 203.4 ,0.001 20.48 0.137 78.2 ,0.001 0.617 0.16 95.0 ,0.001
Individual identity was included as a random factor in all models. Effects are only shown for terms that remained in the final model. Wald and
p values in bold were determined from models without interaction terms. ‘‘Effect’’ ¼ effect size; ‘‘n families’’ ¼ number of families.
Figure 1
Effect sizes 6 standard error of parameters influencing aggression
rates in greylag geese. All tested terms and interactions of terms are
given on the y axis. A description of the effect is given in brackets for
the main effects. Missing values indicate terms that were
nonsignificant and were removed from the full model. ‘‘1fam’’ ¼
primary family, ‘‘2fam’’ ¼ secondary family, and ‘‘sibs’’ ¼ sibling group.
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were dominant over pairs and singles, and social status had
the second strongest effect on dominance rank (Figure 5).
Unlike aggression rate or specificity, the raising history also
influenced dominance rank, with hand-raised individuals gen-
erally ranking higher than goose-raised individuals.
Geese defeated fewer of their opponents during the mating
season than during the rest of the year, but once again, sea-
sonal effects were only of moderate size. Flock structure had
only small or no effects on dominance rank. The effects of
sex and social status further interacted with age, raising, and
seasonal effects in a complex manner (Figure 5, see also life-
history stages).
Life-history stages
As for the other investigated behaviors, parental effects were
not apparent in all life-history stages. In particular, parental
effects were absent in adult singles but were pronounced,
albeit not significantly, in the other adult life-history stages.
Males were always higher ranking than females, but sex was
a very strong determinant in parental birds and had a rather
small effect on singles. Most notably, the raising history had
very diverse effects on dominance rank. Although hand-raised
individuals were generally higher ranking than goose-raised
ones, the exact opposite was true in juveniles (Figure 6). In
adult birds, hand-raised individuals were only marginally
higher ranking than goose-raised ones, and differences were
not significant. Seasonal effects were small to moderate. How-
ever, as already observed for aggression rates, life-history
stages differed considerably with respect to the season in
which they achieved the highest success in agonistic interac-
tions. Flock structure had no overall effect on dominance
rank, but it did affect juveniles and subadults. Interestingly,
dominance rank of juveniles increased as the rate of females
in the flock decreased, whereas this effect was once again
reversed in subadults. Most of the investigated stage-specific
parameters had only small or no effects on dominance rank,
with the exception of pair-bond type and family type. Com-
parable with aggression rates, heterosexually paired individu-
als were higher ranking than homosexually paired ones, and
primary families were dominant over secondary families (Sup-
plementary Material, Supplementary Table S2 and Figure
S1c–5c).
DISCUSSION
The present study showed that aggressive behavior and dom-
inance rank in greylag geese were influenced by a variety of
factors, including parental effects, life-history effects, season,
and flock structure. However, although a large number of
Figure 3
Effect sizes 6 standard error of parameters influencing specificity in
greylag geese. All tested terms and interactions of terms are given on
the y axis. A description of the effect is given in brackets for the main
effects. Missing values indicate terms that were nonsignificant and
were removed from the full model. ‘‘1fam’’ ¼ primary family,
‘‘2fam’’ ¼ secondary family, ‘‘sibs’’ ¼ sibling group, and ‘‘n.s.’’ ¼ not
significant.
Figure 4
Effect sizes 6 standard error of parameters influencing dominance
rank in greylag geese. All tested terms and interactions of terms are
given on the y axis. A description of the effect is given in brackets for
the main effects. Missing values indicate terms that were
nonsignificant and were removed from the full model. ‘‘1fam’’ ¼
primary family, ‘‘2fam’’ ¼ secondary family, ‘‘sibs’’ ¼ sibling group,
and ‘‘n.s.’’ ¼ not significant.
Figure 2
Status differences in aggression rates of male (gray) and female
(white) greylag geese. Boxplots show medians and quartiles, whiskers
10th and 90th percentiles, and circles 5th and 95th percentiles.
620 Behavioral Ecology
factors were found to have significant effects, effect sizes var-
ied considerably, and several factors, although significant, had
only very small effects on the investigated behaviors. Our
study thus confirmed, complemented, and realigned the im-
portance of factors previously known to affect dominance and
aggressive behavior in geese. The most pronounced determi-
nants of aggression rates were the sex ratio of the flock and
parental effects as well as social status and sex of the individ-
ual. Variation in specificity was considerably smaller than in
the other behaviors, and the only strong effects on specificity
were those of parents and sex ratio. Dominance rank was
strongly influenced by parents and social status and, to a lesser
extent, by sex and the raising history. This general picture
differed throughout the different life-history stages. The dif-
ferences particularly concerned effects of parents, raising his-
tory, season, and sex ratio and reflect changes in the
functional significance as well as social constraints during dif-
ferent times of the year and life.
Parental effects
In our study, parental effects were among the strongest deter-
minants of all investigated behaviors. This complements the
results of a cross-fostering study in juvenile barnacle geese:
Black and Owen (1987) showed that young from dominant
parents ranked highest, young from subordinate parents
raised by dominant parents ranked intermediate, and those
from subordinate parents ranked lowest, thus suggesting that
both genetics and the social environment contribute to rank
acquisition in young geese. As juveniles typically form tight
bonds with their parents, influences of the social environment
may be more evident in juveniles than in older birds, which
may explain why we found parental effects to be most pro-
nounced at this life-history stage. Parental effects on behavior
expressed later in life are possible through long-lasting con-
sequences of nongenetic effects, but they may also represent
a heritable genetic component of the behavior. The generally
strong parental effects observed in this study support existing
evidence that dominance-related behavior shows a heritable
component (Craig et al. 1965; Boag 1982).
Interestingly though, parental effects were absent in adult
singles and parental birds, that is, social classes that take the
lowest and highest positions, respectively, in the dominance
hierarchy of the flock. Social stress (at a low rank position) or
fierce competition (at a high rank position) may be factors
that constrain the full expression of the genetic predisposi-
tion for a certain behavior. At these positions in the flock
hierarchy, the social environment may strongly define the fre-
quency and the outcome of agonistic interactions. In future
studies, multigenerational pedigrees could be employed to
assess the relative contributions of genotype, parental environ-
ment, and social environment to individual differences in
dominance and aggression.
Life-history effects
Our analyses confirmed the results of earlier studies in geese
that reported males to be more aggressive and dominant than
females (e.g., Boyd 1953; Black and Owen 1987; Poisbleau
et al. 2006) and families to be dominant over pairs, whereas
pairs tended to dominate single individuals (e.g., Lamprecht
1986; Gregoire and Ankney 1990; Kotrschal et al. 1993). As
expected, social status was among the strongest determinants
of dominance-related behaviors. Via increased agonistic suc-
cess, social status may affect an individuals’ access to critical
resources like food. Indeed, studies in snow geese, Ross’s
geese (Chen rossii), and greylag geese found that individuals
associated with their parents or offspring allocated more time
to feeding than unassociated ones (Weiß and Kotrschal 2004;
Jo´nsson and Afton 2009). Notably, the effects of sex and social
status remained fairly constant in their magnitude and direc-
tion across the different life-history stages.
In contrast, effects of the raising history differed consider-
ably between life-history stages. Juvenile hand-raised geese
were less aggressive and lower ranking than goose-raised juve-
niles, whereas we observed the exact opposite in subadult
geese. After fledging, hand-raised juveniles are no longer reg-
ularly accompanied by their human foster parents, thus lack-
ing support from their most important social ally (Weiß and
Kotrschal 2004). Possibly, hand-raised geese therefore learn to
manage their relationships with other flock members without
parental support at an earlier stage than goose-raised geese,
which may explain why goose-raised individuals experienced
a sharp drop in rank as subadults, but hand-raised subadults
Figure 5
Status differences in dominance rank of male (gray) and female
(white) greylag geese. Boxplots show medians and quartiles,
whiskers 10th and 90th percentiles, and circles 5th and 95th
percentiles.
Figure 6
Dominance rank in goose-raised (gray) and hand-raised (white)
geese in the 5 main life-history stages. Boxplots show medians and
quartiles, whiskers 10th and 90th percentiles, and circles 5th and
95th percentiles.
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did not. Any disadvantages that hand-raised juveniles experi-
ence in direct contest with goose-raised geese may thereby be
compensated at a later life-history stage. This may be one
reason why adult hand-raised and goose-raised individuals
do not differ in life-history traits, such as reproductive success
(Hemetsberger et al. 2010). Furthermore, effects of the rais-
ing history were small or absent in adult individuals, which
indicates that hand raising does not permanently affect ag-
gressive behavior or dominance rank. Instead, our results sug-
gest that hand raising shifted nongenetic parental effects to
different life-history stages.
Age has been suggested to influence dominance and aggres-
sion, for example, in song sparrows, Melospiza melodia (Arcese
and Smith 1985), and also in some goose studies but not in
others (Lamprecht 1986; Black and Owen 1989; Stahl et al.
2001). In the present study, we detected a significant increase
in dominance and aggression with age. However, these effects
were comparatively small and suggest that age plays only a mi-
nor role in determining dominance and related behaviors in
this goose flock.
Heterosexual pair bonds are the default in geese, but trios
and homosexual pair bonds contribute up to 15% and 20% of
the pair bonds, respectively (e.g., Huber and Martys 1993;
Hemetsberger et al. 2010). Thus, these alliances are regularly
adopted alternatives to the heterosexual pair bond. Homosex-
ually paired males were previously described as being overtly
aggressive and high ranking (Lorenz 1988; Huber and Martys
1993), but we found homosexually paired males to be less
aggressive, specific, and dominant than heterosexual pairs
or trios. Instead, our results support the idea that widowers
or males unable to secure a female partner may engage in
‘‘homosocial’’ bonds as a ‘‘best of a bad job’’ tactic that allows
them to outrank single individuals (Kotrschal et al. 2006). In
trios, on the other hand, maintaining proximity between all
social partners in a tight feeding situation may be more diffi-
cult than for pairs and may explain why trios are less aggres-
sive and dominant than heterosexual pairs despite a larger
unit size. The effects of other pair-bond characteristics (e.g.,
pair-bond duration, partner rank) on dominance and aggres-
sion were comparatively small.
Parents of secondary families were not only subordinate to
parents of primary families but were also less aggressive, sug-
gesting that family type influences investment in aggressive
behaviors. Family size, on the other hand, had no noteworthy
effect on the investigated behaviors, which is in contrast to
several other studies. However, Loonen et al. (1999) proposed
that the relationship of dominance rank and family size may
depend on the amount of competition for resources. Larger
families dominating small ones were described in studies in
which food was scarce or patchily distributed (Gregoire and
Ankney 1990; Loonen et al. 1999) but not in other studies,
where food was abundant (Lamprecht 1986; Mulder et al.
1995). Due to supplemental feeding, food is abundant in
our flock, and our results thus fit well to the idea proposed
by Loonen et al. (1999).
Seasonal effects
Seasonal effects on dominance and aggression have received
little attention (e.g., Tarvin and Woolfenden 1997), but our
results highlight the importance of this environmental effect.
Although seasonal effects were generally of moderate to small
size, they showed the greatest variation across life-history stages
in both aggression rates and dominance rank and thereby re-
flected the changing demands of individuals throughout the
year. Pairs achieved the highest dominance rank during the
mating season (February), when securing paternity and essen-
tial resources for breeding is of particular importance. Conse-
quently, juveniles, subadults, and singles were least aggressive
during the mating season, when agonistic pressure by paired
individuals was highest. Parents, on the other hand, were most
aggressive and dominant in summer, presumably to establish
and demonstrate family rank to the reaggregated flock
(Scheiber et al. 2009a). Parents won against fewest of their
opponents during the mating season, which may reflect a re-
duction in parental investment as juveniles reach indepen-
dence. In contrast to their parents, juveniles and subadults
ranked highest during winter, when the (re-) establishment
of dominance relations after the flock reunion in summer was
finished and agonistic pressure from higher ranking flock
members was lowest.
Effects of flock structure
The sex composition of the flock ranged from 35–50% females
and had major effects on aggression rates, specificity, and on
dominance rank in certain life-history stages. This indicates
that sex not only influenced an individual’s own behavior but
also the social dynamics in the flock as a whole. Sex ratios in
geese are rather poorly known, but as in our flock, they were
male biased in a flock of bar-headed geese (Lamprecht 1987).
Adult sex ratios are also frequently male biased in other wa-
terfowl, likely due to differential survival, for example, during
the breeding season (Blums and Mednis 1996; Kilpi et al.
2003). The present study showed that individual aggression
rates and specificity generally increased with the number of
males in the flock, independent of the initiating individual’s
own sex. This illustrates that the agonistic pressure experi-
enced by individual members of a flock may depend consid-
erably on the flock’s sex ratio. Individuals that experience
more aggression from flock members (because of more males
present in the flock) will, in turn, also initiate more agonistic
interactions themselves. Such a redirection of attacks against
other flock members may serve to reduce tension, to reduce
the rate of renewed attacks, or to restore access to resources
(see Aureli et al. 1993). Unlike aggression rate and
specificity, dominance rank was affected by the sex ratio of
the flock only in juveniles and subadults. Arcese and Smith
(1985) suggested that the accumulated experience of an in-
dividual in agonistic interactions is a key determinant of dom-
inance. In a stable flock like ours, this may explain why sex
ratio no longer had an influence on dominance rank in
adults as individuals may have learned their own position in
the dominance hierarchy as well as that of their flock
members.
Estevez et al. (1997, 2003) hypothesized that with increasing
group size, establishing dominance relationships with all
group members becomes too costly and the social organiza-
tion of domestic fowl (Gallus gallus domesticus) switches from
a dominance hierarchy established through aggression to a tol-
erant social system characterized by low aggression. Our study
provides only weak support for this. Geese were indeed less
aggressive at larger flock sizes and if more families were pres-
ent in the flock, but these effects were very small.
CONCLUSIONS
Our long-term study in greylag geese showed that a variety of
intrinsic and extrinsic factors affected dominance and aggres-
sive behavior to varying degrees. Parents and the sex ratio of
the flock had particularly strong effects on juveniles and sub-
adults, whereas these effects were often smaller or absent in
adults. Our study thus demonstrates that the expression of
agonistic behavior is a product of parental effects and a com-
plex interplay of an individual’s life-history stage and the
social environment.
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